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(57) Abstract 

Information represented by a signal generated in a communications medium by a first entity is recovered by receiving die signal 
from die communications medium at a second entity, detennining a mobiUty characteristic for communications between tiie first entity and 
die second entity, and adaptively estimating die infoimation from the received signal based on die determmed mobility charactcnstic. The 
mobility characteristic may be received from die first entity at die second entity, and die infoimation represented by die received si^al 
may be adaptively estimated based on die received mobility characteristic. According to an embodiment of die mvention, die mobility 
characteristic is a cell type identifier which is communicated from a base station to a mobile terminal, die mobile tenmnal adaptively 
estimating information from a signal received from die base station based on die communicated cell type identifier. A number of signal 
processing functions may be adaptively performed, including adaptive demodulation, adaptive channel estimation/interpolation, adaptive 
equalization, adaptive channel tracking, and adaptive combining of received signals. 
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COMMUNICATIONS APPARATUS AND METHODS FOR ADAPTIVE 
SIGNAL PROCESSING BASED ON MOBILITY CHARACTERISTICS 

Field of the Invention 

The present invention relates to communications systems and methods, in 
particular, to .systems and methods for recovering information from signals generated 
5 in a communications medixun. 

Background of the Invention 

Radiotelephone systems are commonly employed to provide voice and data 
communications to a plurality of mobile units or subscribers. For example, analog 

10 cellular radiotelephone systems, such as designated AMPS, ETACS, NMT-450, and 
NMT-900, have been deployed successfully throughout the world. More recently, 
digital cellular radiotelephone systems such as designated IS-54B in North America 
and the pan-European GSM system have been introduced. These systems, and others, 
are described, for example, in the book titled Cellular Radio Systems by Balston, et 

1 5 al., published by Artech House, Norwood, MA., 1993, 

As illustrated in Figure 1, a conventional cellular communication system 20 
includes one or more mobile terminals 10 which can communicate with one or more 
base stations 20 serving cells 30. The base stations 20 are cormected to a mobile- 
telephone switching office (MTSO) 40, which may in txim be coimected to a public 

20 switched telephone network 50. Although only two cells 20 are shown in Figure 1 , a 
typical cellular network may include hundreds of base stations, thousands of mobile . 
terminals and more than one MTSO. Each cell will have allocated to it one or more 
dedicated control channels and one or more voice channels. Through this cellular 
infrastructure, a conamunication link may be effected between two mobile terminals 

25 10, or between a mobile terminal 10 and a landline telephone 60, with a base station 
20 typically functioning as a relay station for data and voice information. 
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. > , :CoiT^poneiits of a radio communications channel connecting a mobile teraiinal 
10 and a base station 20 which can affect communications between the terminal 10 
and the base station 20 include the communications medium, i.e., the atmospheric 
signal path across which radio communications signals are transmitted, which may 
5 introduce fading and interference into the radio commimications signals. The fading 
may include long-term fading due to variations in terrain along the signal propagation 
path, as well as short-term multipath fading due to reflections from features such as 
buildings which cause fluctuations in received signal strength and other distortions at 
, a receiving station. Mobile terrestrial radiotelephone communications are particularly 

10 susceptible: to short-term, multipath fading because the signal pathways tend to be 
close to the ground. Other elements which may have an effect on communications 
include transmitting and receiving components comnionly found in base stations and 
mobile terminals, such as transmitters, receivers and antennas. 

Various signal estimation techniques are conventionally employed to deal with 

1 5 . signal degradation on a channel, including diversity reception, signal coding, and 
specialized demodulation techniques which produce estimates, of a channel transfer 
characteristic. Diversity reception techniques included spatial diversity reception 
using multiple spaced apart receiving antennas, and polarization diversity reception 
using multiple antennas designed to accept electromagnetic signals having particular 

20 polarizations. As signals from diverse paths typically exhibit uncorrelated fading, 
they may be combined iri the receiver to provide a more accurate estimate of 
information from a received signal. Signal coding schemes typically employ 
redundancy to enhance the accuracy of an estimate produced from a received signal, 
while channel estimation techniques such as pilot tone or symbol assisted modulation 

25 and demodulation can provide improved knowledge of a transfer characteristic for the 
channel to aid in estimating information from a received signal. 

Despite the theoretical advantages of these estimation techniques, they may 
provide less than optimal coramimication under various propagation conditions 
encpimtered in a typical cellular communications system. Diversity reception may 

30 not provide sufficient gain because of limitations on anteima size, orientation, and 
placement, and may be ineffective or unnecessary at particular speeds or other 
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conditions. Coding- schemes may entail an pidesirable computational burden, while 
parameters used in estimating the channel may not be optimal for all mobile terminal 
speeds and under all delay spread conditions. 

5 Summary of the Invention 

In light of the foregoing, it is ah object of the present invention to provide 
communications apparatus and methods which can provide improved signal 
estimation. . * . . 

It is another object of the present invention to provide cellular communications 

1 0 apparatus and methods which can provide more' optimal signal estimation under 
differing conditions of = delay spread and terminal speed. 

- These and other objects, features and advantages are provided according to the 
present invention by communications apparatus arid methods in which information is 
recovered at one entity, e.g., a mobile terminal, from a signal generated in a 

1 5 communications medium by another entity, e.g., a cellular base station, by adaptively 
estimating the information from the signal based pri a mobility characteristic which 
characterizes communications between the entities. The process can be bidirectional, 
i.e., adaptive estimation of ireceived signal may be performed at either end of a 
communications channeL'The mobility characteristic may chairacterize mobility 

20 properties of the entities which affect signal propagation between the entities, such as 
relative speeds of the entities with respect to one another, range between the entities, 
and the like. According to one embodiment^ the mobility characteristic includes a cell 
type identifier which characterizes mobility of niobile terminals with respect to a base 
station, e.g., an identifier which identifies a cell served by the base station as a 

25 highway macrocell, an urban macrocell, a microcell or the like, and which bears a 
correlation to aggregate speed and range properties for terminals typically found 
within the cell. The cell type identifier may be broadcast to mobile terminals fi^om the 
base station over, for example, a broadcast control channel, and the mobile terminals 
can adaptively estimate information from signals received firom the base station based 

30 on the broadcast cell type identifier. For example, the mobile terminal may store 

various signal processing elements such as channel estimators, channel interpolation 
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filters^ channel trackers. aiid the like, as well as various parameters for such elements, 
and may apply these. selected elements and ^parameters to a signal received from a 
./ base station based on a cell type identifier received from the station. Accordingly, 
. more optimal signal estimation can be achieved by tailoring signal processing to the 
5 . mobility characteristic.. 

In particidar, according to the present invention, a communications system for 
commxmicating across a. communications medium includes a first entity including 
means for generating a signal in the communications medium, the signal representing 
information, and a second entity including signal receiving means, responsive.to the 
1 0 conmaunications medium,, for recei ving-a signal from the communications. medium. 
The second also includes means for determining a mobility characteristic for 
communications between the first entity and the second entity, as well as adaptive 
estiniating means, responsive to the signal receiving means, for adaptively estimating 
. the information from the received signal based on the determined mobility 
15 characteristic. ^ 

According to one aspect of the present- invention, the first entity fiirther 
includes means for transmitting a mobility^ characteristic, and the means for 
determining a mobility characteristic includes means for receiving the transmitted 
mobility characteristic. The adaptive estimating means may include means for 
20 adaptively estimating the information based on the received mobility characteristic. 
The, adaptive estimating means may include a number of different adaptive signal 
processing apparatus, including means for adaptively demodulating the received 
. signal based on the determine mobility characteristic, means for adaptively estimating 
a characteristic for a channel connecting the first and second entities based on the 
25 determined mobility characteristic, means^for selecting an interpolation filter based on 
the determined mobility characteristic, means for adaptively equalizing the received 
signal based on the determined mobility characteristic, means for adaptively tracking 
a channel connecting the base station and the mobile terminal based on the determined 
mobility characteristic, and means for adaptively combining a plurality of received 
30 signals based on the determined mobility characteristic. 

According to an embodiment of the present invention, a cellular 
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commimications system includes a base station, a mobile teraiinal, and means for 
commvuiicating a mobility characteristic associated with communications of the base 
station and the terminal, between the base station and the terminal. A first one of the 
base station and the mobile terminal may include means for generating a signed in a 
5 communications medium, the generated signal representing information. A second 
one of the base station and the mobile terminal may include signal receiving means, 
responsive to the conmnmications mediiuri, for receiving the generated signal from 
the cornmunications medium, and adaptive estimating means, responsive to the signal 
receiving means, for adaptively estimating the information from the received signal 
1 0 based on the received mobility chmacteristic. The means for communicating a 

mobility characteristic may include means for broadcasting a cell type identifier from 
the base station;, for example, over a broadcast control channel. The means for 
commxinicating a mobility characteristic may also include means for communicating 
the mobility characteristic on a channel specific to the niobile terminal, such as an 
1 5 access grant channel or a fast associated control chaimel. " 

According to another aspect of the present invention, a communications 
termhial includes signal receiving means, responsive to a commimications medivim, 
for receiving a signal from the commuiiications medium. Means are provided for 
detenriining a mobility characteristic associated v^th the communications mediimi, 
20 and adaptive estimatinjg means are responsive to the signal receiving means and the 

mobility characteristic determining means, for adaptively estimating information from 
the received signal based on the detenriined mobility characteristic. The means for 
determining a mobility characteristic nlay include means for receiving a mobility 
characteristic, and the adaptive estiniating means may adaptively estimate the 
25 information based on the received mobility characteristic. 

According to method aspects of the present invention, information represented 
by a signal generated in a communications medium by a first entity is recovered by 
receiving the signal from the comniimications medium at a second entity, determining 
a mobility characteristic for commimications between the first entity and the second 
30 entity, and adaptively estimating the information from the received signal based on 
the determined mobility characteristic. The mobility characteristic may be received 
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^ from the first entity at the second entity, and the information represented by the 
received signal may be adaptively estimated based on. the received mobility 
characteristic. A number of signal processing functions may be adaptively performed, 
including adaptive demodulation, adaptive charmel estimation/interpolation, adaptive 
5 equalization, adaptive channel tracking, arid adaptive, combining of received signals. , 
Improved coramxmications may thereby be achieved. 

Brief Description of the Drawings / 

Some of the objects and advantages .of the present invention having been 
10 stated, others wall be more fiilly imderstood from the detailed description that follows 
and by reference to the accompanying. drav^ngs in which: 

FIG. 1 is a schematic diagram illustrating a conventional cellular 
communications system; 



15 commimications system according to the present invention; 

, FIGs- 4 is a schematic diagrams illustrating use of cell type identifier in 
embodiments of a cellular communications system according to the present invention; 

FIG. 5 is a schematic diagram illustrating adaptive chaimel estimation 
according to the present invention; . . , - : ^ . . 

20 FIG. 6 is a schematic diagram illustrating, adaptive demodulation according to 

the present invention; 

FIG. 7 is a schematic diagram illustrating adaptive signal combining according 
to the present invention; and ' 

FIG. 8 is a flowchart illustration of operations for recovering information from 
25 a signal according to the present invention. . 

. Detailed Description of Preferred Embodiments 

The present invention now will be described more fully hereinafter with 
reference to the accompanying drawings, in which embodiments of the invention are 
30 shovm. This invention may, however, be embodied in many different forms and 

should not be construed as limited to the embodiments set forth herein; rather, these 



- FIGs. 2-3 are schematic diagrams illustrating embodiments of a celltdar 
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embodiments are provided so that this disclosure will be thorough and complete, and 
will fully convey the scope of the invention to those skilled in the art. In the 
drawings, like numbers refer to like elements throughout, - . 

• For purposes of the discussion herein, "estimation of information'' from a 

5 signal refers generally to those operations commonly known as "signal estimation" or 
"signal processing" in which* information is extracted from an electromagnetic signal 
used to represent the information, including, but not limited to, operations such as 
demodulation, filtering, samplihgV equalizing. and the like. In addition, "mobility 
characteristic" as referred to -herein includes information relating to spatio-temporal 

1 0 relationships which may impact on communications between entities of a 

communications system. For example, in a cellular comniunications system in which 
mobile terminals communicate with base stations which serve geographical cells, a 
mobility characteristic may include information relating to spatial-temporal 
relationships between base stations and mobile terminals, such as speed or range of a 

1 5 specific mobile terminal or typical speed and r2inge characteristics of a population of 
mobile terminals within a cell with respect to a base station serving the cell. The 
present invention arises from the realization that due to the effect these mobility 
characteristics* can have on signal properties, e.g., delay spread, more optimal 
estimation of information from a signal received from a communications medium, 

20 - e.g., more optimal signal processing, may be achieved by adaptively tailoring signal 
processing architectures and parameters to varying mobility characteristics. 

- FIG. 2 provides an illustration of afcellular communication system according 
to the present invention, including a base station 210 which includes means for 
generating a signal 215 in a communications medium, for example, a transmitter 202 

25 generating a signal through a transmit antenna 204. A mobile terminal 220 includes 
signal receiving means including, for example, a receive antenna 222, for receiving 
the generated signal 215. The received signal 223 is processed by adaptive 
estimating means 224 included in the mobile terminal 220, based on a mobility 
characteristic 227 determined by mobility characteristic determining means 226. As 

30 illustrated in FIG. 3, the roles of the base station 210 and the mobile terminal 220 may 
be reversed, with the base station 210 including signal receiving means, e.g, a base 
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. . . station antenna.212 and associated hardware,, for receiving a signal 211 generated by 
. . .the mobile terminal 220; -Information .215. is adaptiyely estimated from the received 
signal 213 by adaptive estimating means 214,.based on a mobility characteristic 217 
determined by mobility characteristic determining means 216 included in the base 
5 station 210. . - : . 

Those skilled' in the art will appreciate that signal generating means of the base 
station 210 and the mobile terminal 220 may include, for example, commonly used 
communications components such as signal processors, coders, modulators, mixers, 
antennas, filters and the like, and may be implemented using special purpose 

1 0 hardware, software running on special or general purpose processors, and- 

combinations thereof Similarly, the signal receiving means described above may 
include such, components as antennas, cables, waveguides, mixers, filters and the like. 
The mobility characteristic determining means 216, 226 and the adaptive estimating 
means 214, 224 described with respect to FIGs. 2-3 may be implemented using 

1 5 special purpose hardware, software running on general purpose processors such as a 
microprocessor, or combinations thereof. For example, the mobility characteristic 
determining means 216, 226 may include software running on a microprocessor 
which determines a mobility characteristic for communications between the base 
station 210 and the mobile terminal 220, while a digital signal processing (DSP) chip 

20 or application specific integrated circuit (ASIC) may be used to implement functions 
of the adaptive estimating means 214, 224, e.g., various signal processing tasks such 
as demodulation, channel estimation, and the like. 

According to one embodiment of the invention, the mobility characteristic 
includes a cell type identifier which is communicated between a base station 410 and 

25 a mobile terminal 420, as illustrated in FIG, 4. The cell type identifier may be 

commimicated in a number of ways, included by broadcasting the cell type identifier 
fi-om the base station 410 over a broadcast control chaimel 414. The mobile terminal 
420 may include means for receiving the broadcast cell type identifier 424, such as 
receiver circuitry and associated elements which are commonly included in mobile 

30 terminals. Adaptive estimating means 422, e.g., demodulating circuitry, signal 

processing circuitry and the like, are responsive to the cell type identifier receiving 
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means 424 for estimating information from a signal, for example,* a signal received 
over a traffic channel 512, for estimating information from the received signal based 
on the received cell type identifier 425. 

Tables I and II illustrate exemplary relationships mobility and signal 
5 characteristics associated with different cell types imder the U.S. IS-1 36 and the 
^ European GSM standards, respectively, and desirable signal processing options for 

these conditions: 

Table i: Signal Processing Options for IS-1 36 (and enhanced versions) 



CeilType 


Typical Attributes 


Signal processing options 


Highway macroceil 


High delay spread 
Hioh terminal sneed 

High/Medium terminal speed 


Apply equalization 

Hio^h sneed channel tracking and 
channel interpolation 

Disable diversity reception 


Urban macroceil 


Low delay spread 
Medium terminal speed 


Differential detection or low- 
order equalizer ( 1 tap) 

Mediurn speed channel tracking 
and channel interpolation 


Microcell 


Low delay spread 
Low terminal speed - 


Differential detection or low 
order equalizer (1 tap) 

Low speed channel tracking and 
channel interpolation, enable 
diversity reception 


Picocell _ 


Low delay 'spread 
Low speed - 


Differential detection or low 
order equalizer 

Low speed channel tracking and 
channel interpolation, enable 
diversity reception 



• m 
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Table II; Signal Processing Options for GSM 



CeUType 


7VP>cal Attributes 


Signal processing options 


Highway macrocell 


High delay spread 
High terminal speed 


High order equalizer 
Enable channel tracking 


Urban macrocell 


Low/Medium delay spread 
Mediwn teminal speed 


Medium order equalizer (4 taps) 
Disable channel tracking 


Microcell 


Low/medium delay spread 
Low temiinai speed 


Low/medium order equalizer (3-4 
taps) 

Disable channel tracking 


Picocell . 


Low delay spread 
Low speed - 


Low order equalizer (3 taps) 

Disable channel tracking 

Low speed channel interpolation 



Those skilled in the art will appreciate that other types of mobility 

10 characteristics and techniques for determining mobility characteristics for adaptive 

signal processing fall within tihe scope of the present invention* For example, instead 
of an indirect measurement of mobility which provides mobility information on a 
typical popvdation of mobile terminals with respect to a base station, mobile-specific 
information such as the range and speed of a particular termixial may be determined. 

1 5 This information may also be conimunicated on a mobile-specific basis, instead of by 
broadcasting to a population of terminals on a common control channel. For example, 
a base station may compute range and speed for a terminal and transmit the computed 
information to the terminal on an access grant channel or fast associated control 
channel, and thet mobile terminal may use this information to adaptively select from a 

20 "bank" of algorithms and/or algorithm parameters to optimally adapt its processing of 
signals received from the base station. In another implementation, a mobile terminal 
may include means for determining speed and range with respect to a particular base 
station with which it is communicating, and may use this information to adjust its 
signal processing. A base station could also perform similar computations to adjust 

25 its own signal processing. 

An aspect of adaptive signal estimation according to the present invention is 
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illustrated in FIG. 5. In FIG. 5, an'estimate 535 of symbols represented by a received 
signal 505 is produced in an adaptive fashion using a pilot-symbol assisted technique. 
Sampling means 510 produces a sequence of received symbols 515. Pilot symbols 
523 are extracted from the sequence 515 by decimating means 520, and are passed to 
5 channel estimating means 560 and the channer interpolating means 540, The channel 
interpolating means 540 interpolate a channel characteristic 545 for a channel over 
which the received signal 505 is received, e.g., a communications channel which 
connects a base station and a mobile terminal, using a channel interpolation filter 543 
selected by interpolation filter selecting means 550 according to a mobility 
1 0 characteristic 547-. Symbol estimating means 530 estimate the original symbol 
sequence represented by the received signal 505, using the interpolated channel 
characteristic 545. 

Those skilled in the art will appreciate that the means of FIG. 5 may be 
implemented using a variety of conimorily-used communications components, 
15 including special piirpose hardware, software or firmw 

processing apparatus or combinations thereof. For example, sampling means 510 may 
include analog-to-digital coriveiters (A/Ds), associated filters, and the like. The 
functions of interpolation filter selecting means 550 may, for example, be performed 
by a control microprocessor or similar apparatus, while the functions of decimating 
20 means 520, channel interpolating means 540 and symbol estimating means 530 may 
be performed by a DSP, ASIC or the like. The operations of these components is 
well-known to those skilled in the art, and- will not be discussed in detail herein* 

Other adaptive signal processing aspects are illustrated in FIGs. 6 and 7. In 
FIG. '6, a received signal 605 is adaptiviely demodulated according to a mobility 
25 characteristic 607. Demodulating means 610 may include adaptive equalizing means 
612 which eqxializes the received signal 605 according to the mobility characteristic 
607 for subsequent detection in detecting means 616. The embodiment illustrated in 
FIG. 6 includes equalizing means 612, which includes adaptive channel tracking 
means 614 which tracks a channel over which the signal 605 is received, based on the 
30 mobility characteristic 607. 

In FIG. 7, a plurality of signals 715a-d are received from a plurality of signal 
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paths, for example,, using a plurality of spatially diverse antennas, 71 Oa-d. Signal 
combining means 720 combines the plurality of signals 715a-d according to a 
mobility characteristic 717, producing a combined signal 725. Those skilled in the art 
will appreciate that under certain mobility characteristics, diversity combination of 
5 signals may be urmecessary, and that combining of diversely received signals may 
consist of selecting a single one of the signals for processing, for example, a signal 
having the highest signal strength. 

Those skilled in the art will appreciate that the means described vAth respect to 
FIGs. 6 and 7 may implemented using various commonly-used conamunications 

10 components, including special purpose hardware, software or firmware running on a 
general purpose data processing apparatus, or combinations thereof. For example, the 
functions of the adaptive demodulating means 610 and the signal combining means 
720 may be performed by a DSP, ASIC or similar circuits. 

Exemplary operations for recovering information from a signal generated in a 

1 5 communications medium according to the present invention are illustrated in FIG. 8 
(Block 800). To recover information from a signal generated in a communications 
medium, for example, a signal generated by a base station of a cellular 
conmiunications system, a mobility characteristic is determined, e.g., a cell type 
identifier is received from the base station (Block 810). A signal generated by the 

20 based station is received (Block 820), and information represented by the signal is 

adaptively estimated according to the received mobility characteristic. For example, a 
channel characteristic may be selected for the channel over which the signal is 
received based on the received cell type identifier (Block 830), and information may 
be estimated from the received signal based on the selected channel characteristic 

25 (Block 840). Those skilled in the art will appreciate that numerous variations on the 
above-described operations also fall within the scope of the present invention, 
including variations on the type of mobility characteristic employed, the manner in 
which the mobility characteristic is determined, and the type of adaptive signal 
estimation performed. In the drawings and specification, there have been 

30 disclosed typical embodiments of the invention and, although specific terms are 

employed, they are used in a generic and descriptive sense only and not for purposes 
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of limitation, the scope of the invention being set forth in the following claims. 



wo 99/08460 V PCTAiS98/l'6503 

-14- 

THAT \yHICH IS CLAIMED IS: 

; 1. A communications system, comprising; 

a first entity including means for generating a signal in a communications 
medium, the signal representing information; and 
5 a second entity including: 

. signal receiving means, responsive to the commimications medium, for 
receiving a signal from the commimications niediimi; , . . 

means for determining a mobility characteristic for communications 
between the first entity and the second entity; and 
10 . . adaptive estimating means, responsive to said signal receiving means, 

for adaptively estimating the information from the received signal based on the 
determined mobility characteristic. 

, 2. A system according to Claim. 1: 

wherein said first entity further comprises means for transmitting a mobility 
characteristic; 

wherein said means for determining a mobility characteristic comprises means 
for receiving the transmitted mobility characteristic; and , . 

wherein said adaptive estimating means comprises means for adaptively 
estimating the information based on the received mobility characteristic. 

3 . A system according to Claim 1 , wherein a first one of the first and 
second entities comprises a cellular base station, and wherein said mobility 
characteristic characterizes mobility with respect to the cellular base station. 

4. . A system according to Claim 3, wherein the base station seryes a cell, 
and wherein said mobility characteristic characterizes mobility of mobile terminals 
which typically are present in said cell. 

30 5. A system according to Claim 4, wherein said mobility characteristic 

comprises a cell type identifier. 
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6. A system according to Glaim 3, wherein a second one of the first and 
second entities comprises a mobile terminal, and wherein said mobility characteristic 
characterizes mobility of said mobile terminal with respect to said cellular base 
station. . - : 

5 . . . ■ - 

7. A system according to Claim 1 , wherein said adaptive estimating 
means comprises means for adaptively demodulating the received signal based on the 
determined mobility characteristic. 

10 8. ' A system according to Claim 1, wherein said adaptive estimating 

means coriiprises: ^ ■ - 

means for adaptively estimating a characteristic for a channel connecting the 
first and second entities based on the determined mobility characteristic; and 

means for estimating the information from the received signal based on the 
15 estimated chaimel characteristic. 

9. A system according to Claim 8, wherein the signal represents a symbol 
sequence including a pilot symbol, and wherein said adaptive estimating means 
comprises: 

20 means, responsive to said signal receiving means, for detecting a pilot symbol 

from the received signal; 

means, responsive to said means for determiniiig a mobility characteristic, for 
selecting an interpolation filter based on the determined mobility characteristic; 
means, responsive to said means for detecting a pilot symbol and to said 
25 means for selecting an interpolation filter, for interpolating a characteristic for the 
chaimel from the detected pilot symbol according to the selected interpolation filter; 
and 

means, responsive to said means for interpolating a chaimel characteristic, for 
estimating the symbol sequence from the received signal based on the interpolated 
30 channel characteristic. 
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. . , . 10:^ A system according to Claim 1 , wherein said adaptive estimating 
; . means comprises means for adaptively equalizing the received signal based on the 
determined mobility characteristic. 

5 11. A system according to Claim 10, wherein said means for adaptively 

equalizing comprises means for adaptively tracking a channel connecting the base 
station and the mobile terminal based on the determined mobility characteristic. 

12. A system according to Claim 1: 

10 wherein said signal receiving means comprises means for receiving a plurality 

of signals over a plurality of signal paths; and 

wherein said adaptive estimating means comprises means for adaptively 
combining the plurality of signals based on the determined mobility characteristic. 

13. A cellular communications system, comprising: 
a base station; 
a mobile terminal; and 

means for communicating a mobility characteristic associated with 
communications of said base station and said terminal, between said base: station and 
said terminal, 

wherein a first one of said base station and said mobile terminal includes 
means for generating a signal in a communications medium, the generated signal 
representing information; and 

wherein a second one of said base station and said mobile terminal includes: 
signal receiving means, responsive to the communications 
medium, for receiving the generated signal from the communications 
medium; mid , . < 

adaptive estimating means, responsive to said signal receiving 
means, for adaptively estimating the information from the received 
signal based on the received mobility characteristic. 
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14. A system according to Claim 1 3,- wherein said'base station serves a 
cell, and wherein said means for communicating a mobility characteristic comprises 
means for broadcasting a cell type identifier from said base station. 

5 . 15. A system according to Claim -1 4, wherein said means for broadcasting 

comprises meanis for broadcasting the cell type identifier on a broadcast control 
channel/ - - ^ 

16. A system according to Claim 13, wherein said means for 

10 communicating a mobility characteristic comprises means for conamunicating the 
mobility characteristic on a channel specific to the mobile terminal, 

17. * A system according to Claim 1 6, wherein said means for ' 
communicating transmitting a mobility characteristic comprises meeins for 

1 5 communicating the mobility characteristic on an access grant channel. 

18. A system according to Claim 1 6, wherein said means for 
communicating a mobility characteristic comprises means for commvinicating the 
mobility characteristic on a fast associated control channel. 

20 

19. A system according to Claim 13, wherein said adaptive estimating 
means comprises means for adaptively demodulating the received signal based on the 
received mobility characteristic. 

25 20. A system according to Claim 13, wherein said adaptive estimating 

means comprises: \ • 

means for adaptively estimating a characteristic for a channel connecting the 
base station and the mobile terminal based on the received mobility characteristic; and 
means, responsive to said means for adaptively estimating a channel 
30 characteristic, for estimating the information based on the estimated chaimel 
characteristic. 
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' 21. ' A system according to Claim 20, wherein the information includes a 
symbol sequence including a pilot symbol, and wherein adaptive estimating means 
comprises: ■ ' . • * * 

5 means, responsive to said signal receiving means, for detecting a pilot symbol 

from the received signal; 

means, responsive to said means for receiving a mobility characteristic, for 
selecting an interpolation filter based on the received mobility characteristic; 

means, responsive to said means for selecting an interpolation filter, for 
1 0 interpolating a characteristic for the channel from the detected pilot symbol according 
to the'selected interpolation filter; and 

means, responsive to' said means for interpolating a channel characteristic, for 
estimating the symbol sequence from the received signal based on the interpolated 
channel characteristic. - ^ 
1'5 - • " ' - * ' • ■ ' • • ' 

22. A system according to Claina 13, wherein said adaptive estimating 
means comprises means for adaptively equalizing the received signal based on the 
received mobility characteristic. - . , 

20 23. A system according to Claim 22, wherein said means for adaptively 

equalizing comprises means for adaptively tracking a channel connecting the base 
station and the mobile terminal based on the received mobility characteristic. 



24. A system according to Claim 13: 
25 wherein said signal receiving means comprises means for receiving a plurality 

of signals over a plurality of signal paths; and 

wherein said adaptive estimating means comprises means for adaptively 
combining the plurality of signals based on the received mobility characteristic. 
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25. A commxmications terminal, comprising: 

signal receiving means, responsive to a communications medium, for 
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receiving a signal from a communications medium; 

means for detemiining a mobility characteristic associated with the 
communications medium; and ^ 

adaptive estimating means, responsive to said signal receiving means, for 
5 adaptively estimating information from the received signal based on, the determined 
mobility characteristic. 

26. A terminal according to Claim 25 : 

wherein said means for determining a mobility characteristic comprises means 
10 for receiving a mobility characteristic; and 

wherein said adaptive estimating means comprises means for adaptively 
estimating the information based on the received mobility characteristic. 

27. A termin£il according to Claim 26, wherein said means for receiving a 
1 5 mobility characteristic comprises means for receiving a mobility characteristic which 

characterizes mobility with respect to a cellular base station. 

28. A terminal according to Claim 27, wherein said means for receiving a 
mobility characteristic comprises means for receiving a cell type identifier. 

20 . ' • 

. 29, A terrninal according to Claim 25, wherein said adaptive estimating 
means comprises means for adaptively demodulating the received signal based on the 
determined mobility characteristic. 

25 30. A terminal according to Claini 25, wherein the communications 

medium includes a channel and wherein said adaptive estimating means comprises: 

means for adaptively estimating a channel characteristic for the channel based 
on the determined mobility characteristic; and 

means, responsive to said means for estimating a channel characteristic, for 
30 estimating the information from the received signal based on the estimated channel 
characteristic. 
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31. Aterminal .accordingto, ClaimSO, M^hereinsaid ad^ 
means comprises: , , , . , 

means, responsive to said signal receiving means, for detecting a pilot symbol 
from the received signal;, 
5 means, responsive to said means for determining a mobility characteristic, for 

selecting an interpolation filter based on the determined mobility characteristic; 

means, responsive to said means for detecting a pilot symbol and to said 
means for selecting and interpolation filter, for interpolating the charmel characteristic 
for the channel from the detected pilot symbol and the selected interpolation filter; 
10 and , ... . , 

means, resporisive to said means, for interpolating a channel characteristic, for 
estimating a symbol sequence from the received signal based on the interpolated 
channel characteristic. 

15 32. A terminal according to Claim 25, wherein said adaptive estimating 

means comprises means for adaptively equalizing the received. signal based on the 
determined mobility characteristic. 

33. A terminal according to Claim 32^ wherein said means for adaptively 
20 equalizing comprises means for adaptively tracking a channel associated with the 

communications medium based on the determined mobility characteristic. 

34. A terminal according to Claim 25: 

wherein signal receiving means comprises means for receiving a plurality of 
25 signals; and. 

wherein said adaptive estimating means comprises means for adaptively 
combining the plurality of received signals based on the determined mobility 
characteristic; 
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35. A method of recovering information represented by a signal generated 
in a communications medium by a first entity, the method comprising the steps of: 
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receiving the signal from' the communications medium at a second entity; 
detemiining a mobility characteristic for communications between the first 
entity and the second entity; and 

adaptively estimating the information from the received signal based on the 
5 determined mobility characteristic. 

36. " A method according to Claim 35: 

wherein said step of determining a mobility characteristic comprises the step 
of receiving a mobility characteristic from the first entity at the second entity; and 
10 wherein said step of adaptively estimating comprises the step of adaptively 

estimating the information at the second entity based on the received mobility 
characteristic. ■ 

37. A method according to Claim 35, wherein a first one of the first and 
1 5 second entities comprises a cellular base station, and wherein the mobility 

characteristic characterizes mobility with respect to the cellular base station. 

38. A method according to Claim 37, wherein the communicated mobility 
characteristic characterizes rnobility of mobile-terminals which typically are present in 

20 a cell served by the base station. ' 

39. A method according to Claim 38, wherein the commimicated mobility 
characteristic comprises a cell type identifier. 

25 40. A method according to Claim 37, wherein a second one of the first and 

second entities comprises a mobile terminal and wherein the mobility characteristic 
characterizes mobility of the mobile terminal with respect to the cellular base station. 
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41 . A method according to Claim 35, wherein said step of adaptively 
estimating comprises the step of adaptively demodulating the received signal based on 
the determined mobility characteristic. 
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42. A method according to Claim 35, wherein said step of adaptively 



estimating comprises the steps of: 

adaptively estimating a characteristic for a channel connecting the first and 



5 



second entities based on the detemiined mobility characteristic; and 

estiniating the information based on the estimated channel characteristic. 



43. A method according to Claim 42, wherein the information includes a 
symbol sequence including a pilot symbol, and wherein said step of adaptively 
estimating the information comprises the steps of: : 



selecting an interpolation filter based on the determined mobility 
characteristic; 

interpolating a characteristic for the channel firom the detected pilot symbol 
according to. the selected interpolation filter; and 
15 estimating the symbol sequence fi:'om the received signal based on .the 

interpolated channel characteristic. 

44. A method according to Claim 35^ wherein said step of adaptively 
estimating comprises the step of adaptively equalizing the received signal based on 

20 the determined mobility characteristic. 

45. A method according to Claim 44, wherein said step of adaptively 
equalizing comprises the step of adaptively tracking a channel connecting the first and 
second entities based on the determined mobility characteristic. 



46. A method according to Clairn 3 5 : 

wherein said step of receiving a signal comprises the step of receiving a 
pliarality of signals over a plurality of signal paths; and 

wherein said step of adaptively estimating comprises the step of combining the 
30 plurality of signals based on the determined mobility characteristic. 
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detecting a pilot symbol from the received signal; 
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47. A method of eommiinicating information between a mobile temiinal 
and a base station which serves a cell of a cellular communications system, the 
method comprising the steps of: 

commimicating a mobility characteristic associated with communications 
5 between the base station and the mobile tenriinal between the base station and the 
mobile terminal; 

generating a signal in a communications mediurn from a first one of the base 
station and the mobile terminal, the signal representing inform 

receiving the generated signal from the communications medium at a second 
10 one of the base station and the mobile terminal; and 

generating an estimate of the information trom the received signal based on 
the communicated mobility characteristic. - 

48. A method according to Claim 47, wherein said step of communicating 
15 a mobility characteristic comprises the step of broadcasting a cell type identifier from 

the base station. ^ 

49. A method according to Claim 48, wherein said step of broadcasting 
comprises the step of conimxmicating the mobility characteristic on a broadcast 

20 control chaimeL 

50. A method according to Claim 47, wherein said step of commxuiicating 
a mobility characteristic comprisies the step of conmiunicating the mobility 
characteristic on a channel assigned to one mobile terminal. 



25 



51. A method according to Claim 50, wherein said step of communicating 
the mobility characteristic comprises the step of communicating the mobility 
characteristic on an access grant channel. 
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52. A method according to Claim 50, wherein said step of conunvmicating 
the mobility characteristic comprises the step of conmiunicating the mobility 
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20 



characteristic on a fast associated control channeL ^ 

53. A method according to Claim 47, wherein said step of adaptively 

' estimating comprises the step of adaptively demodulating the received signal based on 
the communicated mobility characteristic. .. . 

54. A method according to Claim 47, wherein said step of adaptively 
estimating comprises the steps or: 

adaptively estimating a characteristic for a channel connecting the base station 
and the mobile terminal based on the communicated mobility characteristic; and 
estimating the information based on the estimated chaimel characteristic. 

55. A method according to Claim 54, wherein the information includes a 
symbol sequence including a pilot symbol, and wherein said step of adaptively 
estimating the information comprises the steps of: 

detecting a pilot symbol from the received signal; 
selecting an interpolation filter based on the communicated mobility 
characteristic; 

interpolating a characteristic for the channel from the detected pilot symbol 
according to the selected interpolation filter; and 

estimating the symbol sequence from the received signal based on the 
interpolated channel characteristic, 

56. A method according to Claim 47, wherein said step of adaptively 
estimating comprises the step of adaptively equalizing the received signal based on 
the communicated mobility characteristic. 



30 



57. A method according to Claim 56, wherein said step of adaptively 
equalizing comprises the step of adaptively tracking a channel connecting the base 
station and the mobile terminal based on the communicated mobility characteristic. 
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58, A method according to Claim 47: - 
wherein said step of receiving a signal comprises the step of receiving a 
plurality of signals over a plurality of signal paths; £md ' ' 

wherein said step of adaptively estimating comprises the* step of adaptively 
5 combining the plurality of signals based on the conununicated mobility characteristic. 
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(57) Abstract 

Information represented by a signal generated in a 
communications medium by a first entity is recovered by receiving 
the signal from the communications medium at a second entity, - 
determining a mobility characteristic for communications between 
the first entity and the second entity, and adaptively estimating the 
information from the received signal based on the determined, 
mobility characteristic. The mobility characteristic may be received 
from the first entity at the second entity, and the infonnation 
represented by the received signal may be ad^tively estimated 
based on the received mobility characteristic. According to an . 
embodiment of the invention, the mobility characteristic is a cell 
type identifier which is communicated from a base station^ to a, , 
mobile terminal, the mobile terminal adaptively estimating 
infonnation from a signal received from the base station based on 
the conununicated cell type identifier. A number of signal 
processing fimctions may be adaptively performed, incliidirig 
adaptive demodulation, adaptive channel estimation/interpolation, 
adaptive equalization, adaptive channel tracking, and adaptive 
combining of received signals. 
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